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(54) tlflanufacture of liquid Ciystal display device using polarization storage film as alignment film 



(57) A substrate having a polarization storage film a direction oblique to the substrate and absorbing the 

formed thereon is prepared, tine polarization storage film non-polarized tight in the polarization storage film. A pair 

generating, upon absorption of polarized light, a power of substrates including ait least the substrate undenvent 

of orienting liquid crystal molecules in one direction as- the alignment process is faced each other to form a liq- 

sociated with the polarization direction of the polarized uid crystal cell and liquid crystal materia! is injected into 

light. An alignment process is performed by applying the liquid crystal cell. The ali^ment process can be per- 

non-polarized light to the polarization storage film abng formed in short time and with ease which can give a suf- 
ficiently large pre-titt angle. 
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Description 

This application is based on Japanese Patent Ap- 
plication No. Hei 8-132039 filed on IWay 27. 1996. tlie 
entire contents of wliich are irKJorporated liereln l>y ref- 
erence. 

BACKGROUND OF THE iNVENTION 

a) . Field off tlie Invention 

The present invention relates to a metliod of man- 
ufacturing a liquid crystal display device whose liquid 
crystal molecules are oriented to have pre-till. 

b) Description of the Related Art 

A so-called rubbing process has been used as one 
of conventional alignment processes in which glass sub- 
strates holding liquid crystal molecules therebetween 
are rubbed with cotton cloth or the like in one direction. 
The rubbing process may cause alignment defects or 
display defects because of static electricity generated 
on substrates or dusts attached to the substrates. 

As a substitute for the rubbing process, an align- 
ment process using a polarization storage film is also 
used. With this alignment process, after a polarization 
storage film is formed on the surface of a substrate, po- 
larized light is applied to the pcterization storage film to 
orient liqu id crystal molecules in a desired direction. The 
polarization storage film once affiled with polarized 
light can give liquid crystal molecules an orientation 
same as the polarization direction of the applied light. 
The following alignment methods using a polarization 
storage film have been presented. 

(1) Using silicon polyimide doped with diazoamine 
dyes (Wayne M. Gibbons et al, NATURE Vol. 351 
(1991) p. 49). 

(2) Using PVA {polyvinyl alcohol) doped with azo 
dyes (HarufumI IIMURA et al, 1Bth Liquid Crystal 
Panel Discussion, The Chemical Society of Japan, 
64th Autumn Annual Meeting, p. 34, issued on Sep- 
tember 11,1 992 by acorporatejuiidical person. The 
Chemical Society of Japan, and Jpn J. Appl. Phys. 
Vol. 32 (1993), pp. L93-L96). 

(3) Using photopoiymerized photopolymer (Martin 
Schadl et al, Jpn J. Appl. Phys. Vbl. 31 (1992), pp. 
2155-2164). 

(4) Applying polarized light to a polyvinyl 4-methox- 
ycinnamate (PVC) film to orient liquid crystal mole- 
cules in a horizontal direction norm^ to the polariz- 
ing direction (for example, JP-A-5-326990). 

(5) Applying polarized light to a PVC film along a 
direction normal to a substrate and thereafter ap- 
plying polarized light along a direction (azimuth di- 
rection) normal to the polarizing direction and at a 
constant angle relative to the substrate normal to 



give pre-tilt (for example. JP-A-5-2031 B4 and JP-A- 
7-213610). 

Some twist-nematic type liquid crystal display de- 
s vices have liquid crystal molecules slanted before hand 
relative to the substrate surface. Namely, each liquid 
crystal molecule at the substrate interface is In the state 
that one end of ttie director is lifted by a certain angle 
relative to the substrate surface when voltage is not ap- 
10 plied between the liquid crystal cell. When voltage is ap- 
plied between thesubstrates, all liquid crystal molecules 
in the lifted sitate start slanting In one direction. This state 
is called pre-tiit and this angle is called pre-tllt angle. 
A liquid crystal molecule with a pre-tllt angle starts 
IS rising from the one end lifted from the substrate, when 
voltage is applied between the substrates. If all liquid 
crystal molecules have the same pre-tilt angle, all of 
them start rising in the same direction. 

For liquid crystal molecules without pre-tilt, it is not 
so definite that which end of each director starts rising. Tf 
all liquid crystal molecules have no pre-tilt or have a 
small pre-tilt angle, two regions are formed, in one re- 
gion one end of each director rises and in the other re- 
gion the other end therectf rises. At the boundary of 
2S ^ese two regions, a line defect (reverse Hit discrimina- 
tion line) becomes likely to appear on the liquid crystal 
display screen. 

This reverse tilt discrimination line is (rften fcwmed 
particularly near at a threshold voltage of the applied 
30 voltage. The positbn of a reverse tilt discrimination line 
changes with applied voltage and time so that a pres- 
ence of a line defect is easily recognized with eyes. Light 
scattering and lowered contrast are also accompanied 
so that the display quality of a liquid crystal display is 
35 lowered greatly. 

The above alignment processes (1) to (4) cannot 
give pre-tilt and are associated with the above problems. 

The alignment process (5) can give a pre-tilt angle 
by applying polarized light twice. When the pdarlzed 
40 light is applied first time, it is applied to a polarization 
storage film along the direction normal to the substrate 
Id produce an easy axis which Is in parallel to the sub- 
strate surface and in the direction normal to the polariz- 
ing axis. When the polarized light is applied second time, 
4S it is applied to the polarization storage film alon g the ob- 
lique direction relative to the substrate surface to give 
pre-tilt. With this method, alignment of liquid crystal mol- 
ecules with pre-tilt in a desired direction can be achieved 
only if polarized light is applied twice. 
so The alignment method (5) forms only a small pre- 
tilt angle. For example. If a PVC film is used as a polar- 
ization storage film and fluorene type mixed liquid crys- 
. tal is used as the liquid crystal material, the pre-tilt angle 
obtained is about 0.1 " to 0.3°. Such a small pre-tilt angle 
55 generates a number of reverse tilt discrimination lines 
immediately after voltage is applied, similar to the case 
where no pre-tilt angle is given. Although these reverse 
tilt discrimination lines disappear as the time lapses, 
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such liquid crystal molecules are not used for a moving 
image display because of the time (about several lens 
seconds) required for ttie extinction of defect lines. 

The method using polarized light cannot use non- 
polarized light (natural light). Since polarized light trans- s 
mitted through a polarizer or the like Is used, the use 
efficiency of light energy is low and the light intensity 
lowers by about a haff of the original light intensity. More 
importantly, the alignment method (5) requires two proc- 
esses of applying polarized li^t so that manufacture io 
throughput is lowered by work time and labor and man- 
ufacture cost rises. 

SUMMARY OF THE INVENTION 

IS 

It is an object of the present invention to provide a 
method of manufacturing a liquid crystal display device 
capable of performing an alignment process with ease 
and in a short time while giving a sufficiently large pre- 
tilt angle without using a rubbing process which may 20 
cause product detects. 

According to one aspect of the present invention, 
there is provided a method of manufacturing a liquid 
crystal display device comprising: a preparation step of 
preparing a substrate having a polarization storage film 
formed thereon, upon absorption of polarized light the 
polarization storage film generating a power of orienting 
liquid crystal molecules in one direction associated with 
the polarization direction of the polarized light; an align- 
ment siBp of applying non-polarized light to ttie potari- so 
zation storage film along a direction oblique to the sub- 
strate and absorbing the non-polarized light in the po- 
larization storage film; and an injection step of facing a 
pair of substrates Including at least the substrate under- 
went the alignment step to form a liquid crystal cell and ss 
injecting liquid crystal material Into the liquid crystal cell. 

The alignment process cap^le of giving a suffi- 
ciently large pre-tilt angle can be performed easily in a 
short time, only by applying non -polarized light once to 
a substrate with a polarization storage film atang an ob- 40 
lique direction relative to the substrate surface. Since 
pre-tilt orientation Is formed not by polarized light but by 
non-polarized light, the use efficiency of light source en- 
ergy can be improved and manufacture cost can be re- 
duced. 4S 

The rise direction of liquid crystal molecules can be 
regulated along one direction by pre-tilt when voltage is 
applied. It is therefore possible to realize a display with- 
out any defect such as reverse tilt discrimination lines. 
This optical alignment process does not require a rub- so 
bing process so thai the problems of static electricity and 
dust attachment can be solved. 

If a photomask is used, the invention is easily ap- 
plied to multi-domain alignment (divisional alignment). 

SB 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a side view illustrating an optical align- 



ment process, Fig. 1 B is a front view of a substrate, Fig. 
1 C is an enlarged cross sectional side view of a polyim- 
ide polarization storage film before non-polarized ultra- 
violet rays are applied, and Fig. 1 D is an enlarged cross 
sectional side view of the film after non-polarized ultra- 
violet rays are applied. 

Fig. 2 is a graph showing the characteristics of the 
generation slate (extinction time) of reverse tilt discrim- 
ination lines formed on liquid crystal cells manufactured 
at various slant angles 6. 

Fig. 3 is a cross sectional view of a photomasic used 
for forming divisional alignments. 

Fig, 4 is a plan view of a photomask used for an 
opt ical al ign ment process . 

Fig. 5 is a sketch of a microscopic photograph of 
fine patterns formed on a substrate showing the align- 
ment state of a liquid crystal cell underwent the optical 
alignment process using a photomask. 

Fig. 6 is a sketch of a mKroscopic photograph of 
fine patterns formed on a substrate showing the align- 
ment state of another liquid crystal cell underwent the 
optical alignment process using a photomask. 

Fig, 7 is a graph showing the view angle character- 
istics of tranemittances at various applied voltages of a 
twisted nematic liquid crystal cell with four divisional 
alignments (multi-domain) formed by the optical align- 
ment process using a photomask. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to Figs. 1 A to ID, an optical align- 
ment process of a liquid crystal display device manufac- 
ture method according to an embodiment will be de- 
scribed. Fig. 1 A is a schematic side view showing an 
alignment system, and Fig. 1 B Is a front view when Fig, 
1 Is viewed along the direction indicated by an arrow B. 
In Figs. 1 A and 1 B, X, Y and Z indicate di rections normal 
to each other The optical alignment process of this em- 
bodiment can give a sufficiently large pre-tilt angle by 
applying natural light or non-polarized light only once. 

Placed on a stage 3 is a glass substrate 1 having a 
polyimide polarization storage film 2 formed on the sur- 
face thereof. Electrodes and driver elements generally 
used for a liquid crystal display panel are formed in the 
glass substrate 1 under the polarization storage film 2. 
A light source 4 for generating light (non -polarized light) 
5 in the ultraviolet wavelengfth range is placed at a suit- 
able position sotiiat it can apply the non -polarized light 
to the polarization storage film 2 formed on the substrate 
1 . An interference filter 1 0 is disposed between the light 
source 4 and a stage 3 so that light in the unnecessary 
wavelength range can be cut. As shown in Fig. 1A, the 
stage 3 is slanted by an angle 6 in the X-direction relative 
to the X-Y horizontal plane. Similarly, the substrate 1 is 
slanted by the angle 8 relative to the X-Y horizontal 
plane. 

The transmission direction of light 5 emitted from 
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the light source 4 is parallel to the Z-dlrection normal to 
the X-Y horizontal plane. Therefore, a slant angle of the 
light 5 relative to the normal L of the substrate 1 is e. I n 
other words, the ultraviolet rays 5 are obliquely applied 
to the polarization storage film 2 at an Incident angle 9. s 
This ultraviolet rays are non-polarized rays and can be 
divided into rays containing X-direction polarized light 
components 51 and Y-direclion polarized light compo- 
nents 52. 

As shown in Fig. 1 B, the light radiated region 1=1 on io 
the surface of the polarization storage film expands in 
the X-direction, It is assurrved that the surface of the po- 
larization storage film 2 is flat and It interacts with the 
polarized light components 51 and 52 of the radiated 
light. Irrespective of the slant angle 9, 1he Y-direction po- « 
larized components 52 are always parallel to the surface 
of the polarization storage film 2, and the total intensity 
of these Y-direction polarized components contributes 
to the interaction. On the other hand, the angle 9 of the 
X-dlrection polarized light comporients 51 relative to &ie so 
surface of the polarization storage film 2 becomes large 
as the slant angle 6 becomes large, and the in-plane 
components of the X-direction polarized light compo- 
nents 51 reduce by a factor of cos ft Namely, the effec- 
tive intensity of the X-direction polarized light compo- ss 
nents reduces as the slant angle increases. 

As light is applied to the substrate slanted in the X- 
direction as shown in Figs. lA and 1B, the effective 
amount of applied Y-direction polarized light compo- 
nents is largest, and that of applied X-direction polarized 30 
light components Is sm^ler than the Y-direction polar- 
ized light components. As a result, directivity is gener- 
ated in the in-plane direction of the polarization storage 
film. 

If the polarization storage film 2 is a polyimide film 
having side chains and tends to orient liquid crystal mol- 
ecules in the direction normal to the polarized direction, 
alignment of liquid crystal molecules may be ascribed 
to side chains cut by the absorption of ultraviolet rays. 
In other words, side chains left even afterthe application 
of ultraviolet rays give alignment of liquid crystal mole- 
cules. It can be presumed that ultraviolet rays enhance 
the dissolution reaction of polyimide so that the less the 
exposed light amount, the smaller the force of aligning 
liquid crystal molecules. 

Figs. 1C and 1 D are enlarged cross sectional side 
views of the polyimide polarization storage film 2. Fig. 
1C shows the polyimide polarization storage film 2 be- 
fore mn-polarized ultravblet rays are applied, and Fig. 
1 D shows the film 2 after non-polarized ultraviolet rays 
are applied! Side chains 6 depicted like saw-tooth lines 
in Figs. 1 C and 1 D functbn to give pre-tllt to polyimide 
rrwiecules. As described earlier, polyimide material re- 
duces more the force of orienting liquid crystal mole- 
cules in one direction as the effective amount of applied 
light becomes larger. Namely, the dissolution reaction 
of side chains progresses more. It can therefore be pre- 
sumed that side chains with cross marks in Fig. 1 D slant- 



ed by an angle as large as about 90 degrees relative to 

the radiation direction of ultraviolet rays 5 are more easy 
to dissolve, whereas side chains with circle symbols di- 
rected in generally the same direction as the radiation 
direction are hard to dissolve even under significant ra- 
diation. As a result, most of side chains directed in gen- . 
erally the same direction as the radiation direction of ul- . 
traviolet rays 5 are left undissolved, and these side 
chains cause liquid crystal molecules to be aligned in a . 
slanted direction so that pre-ti!t in the light radiation di- 
rection can be realized. 

Polyimide without side chains applied with ncxt-po 
larized light once had uniform alignment with pre-tilt. 
However, the slant angle 6 was required which was larg- 
er than that when used for polyimide with side chains. 

Two substrates are prepared which underwent the 
above optical alignment process, or alternatively one of 
such substrates and one substrate underwent conven- 
tional alignment process are prepared. Each set of two 
substrates is faced each other with a predetermined gap 
therebetween, with the alignment directions of the sub- 
strates being set perpendicular, to form an empty cell. 
Nematic liquid crystal material is injected into this empty . 
cell, and polarizing plates are mounted on both sides of 
the cell in a cross-Nicol layout to complete a 90° twist 
nematic liquid crystal display device. 

(1st Embodiment) 

A polyimide film with side chains was formed on a 
substrate. This film formation may use wrell-known cod- 
ing techniques. The material of this polyimide film is, 
commercially available from those polyimide materials 
sold for liquid crystal display devices and is not a specific 
one. This film has a property of orienting liquid crystal 
molecules in the direction normal to the polarizing axis 
upon application of polarized light. 

This substrate with the polyimide film was disposed: 
at a slant angle 6 of 30° as shown in Fig. 1 A, and non- 
polarized light having an energy density of 500 mJ/cm^ 
was applied along the Z-direction. In this case, the in- 
terference filter 10 having a center wavelength of 254 
nm was interposed hetween the ultraviolet light source 
and substrate to cut light components of the applied light 
having a wavelength outside of the range from 210 to . 
300 nm. 

Two substrates fomied in the above manner were 
faced each other with the 90° twisted alignment process 
relationship, by inserting a gap control member there- 
between to set a gap of 5 |im, to form an empty cell. The 
manufacture of an empty cell and the following liquid 
crystal injecticsi method may use well-known manufac- 
ture techniques. 

Fluorine contained mixed liquid crystal material 
added with chiral material (S-811) was Injected Into the 
empty cell through vacuum injection. After the injection, 
injection holes were sealed and the cell was heated to 
an Nl (nematte-isotropic) phase transition temperature 
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(98°) or higher to eliminate fluid orientation. Thereafter, 
the cell was cooled to again align liquid crystal mole- 
cules Id the nematic phase. 

The display surface of the liquid crystal cell applied 
with voltage was observed with a polarization micro- 
scope, but no reverse tilt discrimination line was ob- 
sen/ed. 

Several liquid crystal cells were manufactured by 
the processes same as the above processes at various 
slant angles 6 under the same conditions that ultraviolet 
rays near 254 nm were applied for 100 seconds. The 
generation state of reverse tilt discrimination lines on the 
display surfaces of these liquid crystal cells applied with 
voltage was observed. The results are shown in the 
graph of Fig. 2. 

As apparent from the graph of Fig. 2, reverse tilt dis- 
crimination lines were not generated at ail up to the slant 
angle 8 of 25° to 50°. At 20° and 60°, very small (short) 
reverse tilt discrimination lines were generated, but they 
disappeared instantaneously in 0.5 seconds or shorter. 
Also at a small slant angle of 10°, reverse tilt discrimi- 
nation lines disappeared in 3 seconds or shorter. W(th 
the conventional method o1 applying polarized light 
twice, the pre-tilt angle o1 the same polyimide material 
attained even underthe optimum conditions was 0.3° or 
smaller and the time required for reverse tilt discrimina- 
tion lines to completely disappear was several tens sec- 
onds. As compared to this fact, the resutts shown in Fig. 
2 indicates that the effects of this embodiment is very 
excellent. 

(2nd Embodiment) 

Similar to the first embodiment, a pofyimide film was 
formed on a substrate. This substrate with the polyimide 
film was disposed at the slant angle 6 of 45°. Without 
using the interference filter as in the first embodiment, 
non-polarized light having all wavelengths in the range 
from 254 to 365 nm was applied for 50 seconds in the 
Z-direction. Similar to the first embodiment, two sub- 
strates undenwent the above optical alignment process 
were faced each other with a gap of 5 fim therebetween 

liquid crystal material was injected to form an empty 
cell. Alto in this embodiment, reverse tilt discrimination 
lines were not obsen/edat all. The relationship between 
the slant angle of the ultraviolet rays having such a wide 
wavelength range and reverse tilt discrimination lines 
was generally the same characteristics shown in the 
graph of Fig. 2. 

(3rd Embodiment) 

With reference to Figs. 3 and 4, another embodi- 
ment will be described in which a pixel is divided into a 
plur^ity of small regions through divisional alignment of 
the optical all gnment process. Similar to the first embod- 
iment, a polyimide film 2 was formed on a substrate 1, 
and the substrate was placed on a slanted stage. A pho- 



tomask 7 was disposed between a light source and the 
substrate 1 and in parallel to the substrate 1 , as shown 
in Fig. 3. Fig. 4 is a plan view of the photomask 7. A 
metal pattern is formed on a quartz plate. This metal pat- 
s tern has openings 8 only through which ultraviolet rays 



If the slant angle 9 is too large or the light radiation 
time is short when ultraviolet rays 5 are applied via the 
photomask 7 to the substrate, it is conceivable that a 

10 sufficient amount of light becomes difficult to be applied 
to the substrate because the light is reflected or ab- 
sorbed at the surface or inside of the photomask 7. For 
example, when light was applied at the slant angle d of 
60°, regularalignment was not obtained even if the light 

IS was applied for a fairly long time. 

The alignment process was executed underthe dif- 
ferent conditions that the substrate 1 was disposed at 
the slant angle 6 of 45° and ultraviolet rays 5 were ap- 
plied, via an interference filter having a center wave- 

20 length of 254 nm and via the photomask 7, to the sub- 
strate 1 along the Z-direction for 200 seconds. Fig.5 is 
a sketch of the mnroscopk; photograph showing the 
alignment state of this substrate. As shown, in the re- 
gions applied with ultraviolet rays passed through the 

ss openings 8 of the photDinask 7, iKjuid crystal molecules 
are sufficiently aligned. However, in some regions which 
are shielded with the photomask and should not be ap- 
plied with ultraviolet rsys, liquid crystal molecules are 
weakly aligned. 

30 Ttiese weakly aligned regions are located only at 
lower portions 9 of the radiation regions of the polariza- 
tion storage film 2 shown in Fig. 3, and they are not found 
at the upper portions, right and left portions of the radi- 
ation regions. This phenomenon may be ascribed to ui- 

3S traviolet rays breaking obliquely through the opening 8 
of the photomask 7 or multiple-reflecting in the polyimide 
film 2 and impinged upon ttie outer peripheral area of 
the radiation region of the polyimide film 2. 

The alignment process was also executed at a 

40 smaller substrate slant angle 6 of 35° under the same 
conditions that ultraviolet rays 5 were applied, via an In- 
terference filter havBig a center wavelength of 254 nm 
and via the photomask 7, to the substrate 1 along the 
Z-direction for 200 seconds. Fig. 6 is a sketch of the mi- 

4S croscopic photograph showing the alignment state of 
this substrate. As shown, liquid crystal molecules are 
finely aligned having a rectangula r pattern with the same 
shape and size as the radiatbn region of the opening B 
of the photomask 7. 

so Under the condition of the slant angle 9 of 35°, ul- 
traviolet rays were applied to the polarization storage 
film four times by changing the poslttons of the photo- 
mask 7 and the radiation directions. The obtained align- 
ment had a very fine pattern divided into four domains. 

55 Substrates underwent the above four divisional align- 
ments were used for formsng twisted nematic liquid crys- 
tal cells (super multi-domain liquid crystal cells). The 
view angle characteristics of half-lone of these liquid 
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crystal cells were measured. The results are shown in 
the graph of Fig. 7. The slant angle 6 is preferably set 
In the range from 25° to 40° at a maximum when light 
Is applied obliquely by using a photomask. 

The ordinate of Fig. 7 indicates a transmittance in 
(%) where 100 % is a transmittance at the view angle 
0° when voltage is not applied. The abscissa represents 
a view angle (degree) plotted from -60° to +60° symmet- 
rical to 0°, Curves In Fig. 7 are obtained at applied volt- 
ages increased from the upper to lower curves. The 
characteristics of Fig. 7 show excellent view angle char- 
acteristics with generally flat transmittance over the 
broad view angle range. 

The above embodimwits use the polarization stor- 
age film for orienting liquid crystal molecules in the di- 
rection nomia! to the polarization axis direction. The 
same effects can be obtained by using a polarization 
storage film for orienting liquid crystal molecules in the 
direction parallel to the polarization axis direction. The 
method of injecting liquid crystal is not limited to the vac- 
uum injection method, but various other methods may 
be used such as utilizing capillary phenomenon. Liquid 
crystal material may be injected h the isotropic phase, 
and after it Is gradually cooled the alignment Is again 
performed. 

As a polarization storage film, a polyimide film with- 
out side chains having a small surface energy of about 
40 dyn/cm may be used. In order to obtain a uniform 
pre-tilt angle by using such a polyimide film, it is prefer- 
^ie to execute the optical alignment process by setting 
the substrate slant angle G to 45° or larger. Other films 
such as an optical alignment PVC film may be used. As 
described earlier, the invention is applicable to muiti-do- 
main alignment by dividing one pixel into a plurality of 
domains and changing the radiation direction and sub- 
strate slant angle for each domain. 

The present invention has been described in con- 
nection with the preferred embodiments. The invention 
is not limited only to the above embodiments. It is ap- 
parent that various modifications, improvements, com- 
binations, and the like can be made by those si<illed in 
the art. 



CMms 

1 . A method of manufacturing a liquid crystal display 
device comprising: 

a preparation step of preparing a substrate hav- 
ing a polarization storage film formed thereon, 
upon absorption of polarized light the polariza- 
tion storage film generating a power of orienting 
liquid crystal molecules in one direction asso- 
ciated with the polarization direction of the po- 
larized light; 

an alignment step of applying non-poiarized 
light to the polarization storage film along a di- 



rection oblique to the substrate and absorbing 
the non-polarized light in the polarization stor- 
age film; and 

an injection step of facing a pair of substrates 
s including at least the substrate underwent said 

alignmenf step to form a liquid crystal cell and 
injecting liquid crystal material into 8ie liquid 
crystal cell. 

10 2. A method according to claim 1 , wherein said prep- 
aration step uses the polarization storage film made 
of material having a property of orienting liquid crys- 
tal molecules in a direction normal to the polariza- 
■ tion direction of linearly polarized light or the longi- 

is tudinal direction of elliptically polarized light. 

3. A method according to claim 1 , wherein said pr^- 
aratlon step uses the polarization storage film made 
of material hainng a property of orienting liquid crys-. 

so ta] molecules in a direction parallel to the polariza- 
tion direction of linearly polarized light or the longi- 
tudinal direction of elliptically polarized light. 

4. A method according to daim 1 , wherein the polari- 
ss zation storage film is made of polyimide with side 

chains. 

5. A method according to claim 1 , wherein the polari- 
zation storage film has a surface energy of about 

30 40 dyn/cm. 

6. A method according to claim 1 , wherein the polari- 
zation storage film is made of soluble polyvinyl cin- 
namate. 

3S 

7. A method according to claim 1 , wherein the non- 
polarized li^t is applied to the polarization storage 
film formed on the substrate at an angle in tie range 
from 10° to 60° relative to the normal of the sub-: 

40 strate surface. 

8. A method according to claim 1 , wherein the non- 
polarized light is applied to the polarization storage 
film formed on the substrate at an angle in the range 

45 from 25° to 50° relative to the nomral of the subr 
strate surface. 

9. A method according to claim 1, wherein the non- 
polarized light e applied via a photomask formed 

so with a light transmissive pattern to the polarization 
storage fifem formed on the substrate at an angie in 
the range from 25° to 40° relative to the nomial of 
the substrate surface. 

ss 10. A method according to claim 1, wherein in said 
alignment step, the non-polarized light is applied to 
^e polarization storage film twice or more to form 
regions having different easy axes by changing the 
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radiation direction and positton of tlie non-polarized 
light at ttie same time. 

11. A method according to claim 1, wherein the non- 
polarized light contains light having a wavelength of £ 
254 nm. 

12. A method according to claim 1, wherein the non- 
polarized light contains light having a wavelength 
range irom 254 to 365 nm. io 
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FIG.1A FIG.1C 




FIG.1B FIG.1D 
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FIG.3 
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